Objective: To estimate the pooled effects of community-based, recreational-level group sports on cardiometabolic risk factors and fitness parameters among adults. Participants and Methods: We systematically searched PubMed, EMBASE, PsychINFO, CINAHL, and Web of Science electronic databases for English-language articles reporting the effectiveness of recreational-level group sports published between January 1, 1965, and January 17, 2017. We extracted baseline and end of intervention means for cardiometabolic and fitness parameters. Random-or fixedeffects meta-analyses were used to obtain pooled before and after change in outcome means within intervention participants and between groups. (16) were classified as high quality, and we found no evidence of publication bias. Conclusion: We found significant cardiometabolic and fitness improvements following group sport participation, primarily recreational soccer. These findings suggest that group sport interventions are promising strategies for reducing cardiometabolic risk in adults.
C ardiovascular disease (CVD) is the leading cause of death worldwide, and physical inactivity is a highly prevalent risk factor for CVD and more than 40 major noncommunicable chronic diseases (NCDs). [1] [2] [3] Although the general population recognizes the health benefits of physical activity (PA), including prevention of NCDs, 4 population engagement in PA is suboptimal. In the United States, only 52% of adults report meeting the aerobic PA guidelines, while only 20% of adults report meeting both the aerobic and muscle-strengthening components of the guidelines. 5 Globally, 25% of adults are insufficiently active, and as a risk factor, inactivity accounts for 6% to 10% of the global premature mortality from CVD, type 2 diabetes, and colon and breast cancer. 6, 7 Many obstacles exist for sustained PA participation including environmental and intrapersonal barriers such as low motivation to exercise individually or insufficient adherence to traditional lifestyle interventions. [8] [9] [10] Recreational group sports offers an alternative to individual sports or traditional exercise options by introducing a competitive aspect and a social component that can lead to increased PA motivation for participants of different ages, sex, and fitness levels. 8 A variety of training mechanisms integrated within group sports (sprinting, loading, various aerobic intensities) are associated with improvements in metabolic, cardiovascular, and musculoskeletal fitness. 11, 12 Such interventions may also have broad acceptability given the popularity of group sports and growing access to sports facilities. Coupled with the high adherence rates reported in previous studies, there is potential for considering group sports interventions as feasible cardiometabolic risk reduction strategies. 13, 14 Previous reviews evaluating group sport interventions have focused on specific components of physical fitness and a single sport [15] [16] [17] ; however, no previous meta-analysis has comprehensively evaluated the effects of multiple recreational group sport interventions on a variety of cardiometabolic biomarkers and physical fitness components. Therefore, the objective of this systematic review and meta-analysis was to estimate the pooled effects of community-based, recreational-level group sports on cardiometabolic risk factors and fitness among adults.
PARTICIPANTS AND METHODS

Literature Search Strategy
This systematic review and meta-analysis adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines 18 and is registered with the International Prospective Register of Systematic Reviews (PROSPERO, registration number: CRD42017055325). We systematically searched PubMed, EMBASE, PsychINFO, CINAHL, and Web of Science electronic databases for English-language articles 23 Studies included in quantitative synthesis (meta-analysis) FIGURE 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow chart for study selection. Group sports included in our search were based on the current list of Olympic team sports and were then cross-referenced with a PA compendium for a metabolic equivalent task value greater than 3.5, equivalent to moderate-intensity PA. 19, 20 Because of the novelty of the topic, general search terms were employed to capture as many articles by title as possible. Cardiovascular and cardiometabolic terms were searched in combination with "and" statements for each group sport (Appendix). Additionally, reference lists of included studies and relevant reviews were examined to further identify articles.
Study Selection
Two reviewers (M.P.B., M.C.P) independently screened all titles, abstracts, and full texts. Eligible articles were those including adults (18 years or older) participating in a recreationallevel group sport intervention comparing measurements of cardiometabolic outcomes before and after intervention. We included studies that used single-arm before and after, randomized controlled trial or quasiexperimental designs. Control groups consisted of participants with baseline PA levels similar to the intervention group and that continued their current lifestyle. Articles were excluded if participants were extensively treated for chronic conditions (eg, chemotherapy or dialysis) in order to better understand the pooled effects of group sport interventions for primary and secondary prevention of cardiometabolic diseases.
The k statistic based on initial screening of abstracts and full texts was 0.89, indicating excellent agreement. 21 Any discrepancies between reviewers were settled through discussion with a third reviewer.
Data Extraction and Outcomes
Two reviewers (M.P.B., M.C.P.) independently extracted data regarding participant demographic characteristics, study protocol, and cardiometabolic outcomes using a standardized form. Primary outcomes in this review were categorized into the following groups: (1) body composition: weight, body mass index (BMI; calculated as weight in kilograms divided by height in meters squared), body fat percent, and waist circumference; (2) lipid profile: total cholesterol, low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and triglyceride (TG) levels; (3) blood pressure: systolic blood pressure (SBP) and diastolic blood pressure (DBP); (4) aerobic fitness indicators: maximum oxygen consumption ( _ VO 2max ) and resting heart rate (RHR); and (5) glucose homeostasis factors: fasting blood glucose (FBG) level, fasting insulin value, homeostatic model assessment for insulin resistance (HOMA-IR), and hemoglobin A 1c (HbA 1c ) level. For each outcome, data were extracted from published reports for mean baseline and end of intervention values and calculated or extracted mean change. If an outcome was reported in multiple publications from the same population, the corresponding data were extracted only once. Study-level data were also extracted including location of the intervention, study design, duration of the intervention, Some studies included an additional intervention arm of an alternative exercise; these were not included in any pooled effect estimates. frequency of the intervention, and PA dose. Study quality was assessed using a scale proposed by Jüni et al 22 and adapted to evaluate the translatability and methodological strength of controlled trials and lifestyle interventions with 3 criteria. 22, 23 The first criterion in the Jüni scale assessed the methods used to minimize bias, and each study had to fulfill one of the following: an intention-to-treat analysis, an attrition rate of 20% or less, or compared characteristics of completers and noncompleters. The second criterion assessed aspects related to the translatability of the program. To meet highquality standards for the second criterion, the study had to include 4 or more of the following: (1) description of the program design process, (2) description of the enrollment process, (3) documentation of session attendance, (4) reporting costs and/or resource inputs, (5) documentation of training process or qualifications of intervention personnel, or (6) description of qualitative feedback from participants. The third criterion assessed the presence of a control group that was randomized, matched, or an unmatched comparison. To qualify as a high-quality study (ie, low risk of bias due to strong internal validity), each study had to meet 2 or more of the 3 criteria.
Data Synthesis and Analyses
Random-or fixed-effects meta-analyses weighted by the inverse variance were conducted on all outcomes that were reported by 3 or more studies. We estimated the aggregate mean differences from baseline to end of intervention in intervention participants and between intervention and control groups for all outcomes. A difference in differences Soccer 33 2014
Rugby . . . . Knoepfli-Lenzin et al, 35 2010 analysis was used for between-group comparisons that contrasted change from baseline to postintervention between intervention and control participants. We explored heterogeneity of effects across studies by computing I 2 , and randomeffects models were employed in cases with I 2 >50%. For studies with substantial heterogeneity (I 2 >75%), meta-regressions were used to explore whether participantor intervention-level characteristics explained heterogeneity in treatment effects. We conducted subgroup meta-analyses stratified by participant sex, studies enrolling participants at high risk of CVD (defined as studies that enrolled only participants with diagnosed hypertension or type 2 diabetes), and intervention duration ( 6 months). We conducted sensitivity analyses to estimate intervention effects according to study quality category. Finally, publication bias was assessed by visually examining funnel plots for symmetry.
Cochrane Review Manager software version 5.3 (Cochrane Collaboration) was used to calculate meta-analyses, and SAS statistical software version 9.4 (SAS Institute) was used to conduct multivariate meta-regression.
RESULTS
The electronic search identified 3127 titles, and 9 additional articles were identified through reference lists. Of these, 107 full texts were screened, and 23 studies met inclusion criteria for this review ( Figure 1 ). The final studies included 902 participants with a mean (SD) age of 46.6 (11.7) years (range, 30.0-69.1 years), and 
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). Participant attrition rate ranged from 0% to 56% (average, 11%); the highest rate of attrition was reported in a study of homeless men participating in recreational soccer. 44 Most control groups continued their current lifestyle, with one control group receiving dietary advice. Twenty-two of the studies included at least one control group; 13 studies included an additional arm of an alternative intervention (eg, running, strength training, cycling). Eight studies enrolled participants with high CVD risk: 5 studies enrolled hypertensive participants, and 3 enrolled participants with type 2 diabetes. Table, available online at http://www. mayoclinicproceedings.org). These studies had a low attrition rate and included a control group. Furthermore, the studies had similar interventions characterized by aerobic sport activities and collected data at baseline and end of the intervention on a wide range of health outcomes using comparable measures. Based on these results, we deemed it appropriate to carry out a meta-analysis on reported cardiometabolic-related outcomes.
Body Composition
In 18 studies reporting weight change in intervention participants, there was a pooled reduction of 1.53 kg (95% CI, À3.12 to 0.06 kg; I 2 ¼0%). In 14 controlled studies, intervention participants lost 1.44 kg more than the control (Figure 2) . In subgroup analyses of controlled studies, male-only studies and studies with a duration of 6 months or less had significant observed changes in BMI (e1.32 kg/m2 [e2.33, e0.32] and e0.91 kg/m2 [e1.81, e0.02], respectively) ( Table 6 ).
In 19 studies reporting body fat measurements for intervention participants, there was a pooled change of À2.26% (95% CI, À3.06% to À1.46%; I 2 ¼0%). In controlled studies (n¼17), intervention participants had a 1.8% greater reduction in body fat percent than control subjects (95% CI, À3.12% to À0.49%; I 2 ¼83%) (Figure 2 (Figure 2 ). Data were insufficient to conduct further analyses.
Lipids
In 13 studies reporting total cholesterol, a pooled change of 0.14 mmol/L (95% CI, À0.31 to 0.04 mmol/L; I (Table 6 ).
In 12 studies reporting LDL-C measurements among intervention participants, a pooled change of À0.23 mmol/L (95% CI, À0.39 to À0.08 mmol/L; I 2 ¼0%) was observed. In 11 controlled studies reporting LDL-C outcomes, intervention participants decreased LDL-C by 0.35 mmol/L more than control participants (95% CI, À0.54 to À0.15 mmol/L; I 2 ¼0%) (Figure 2) . In subgroup analyses of controlled studies, significant reductions were observed among male-only studies, studies enrolling participants at high risk of CVD, and studies with a duration of 6 months or less (e0. 34 (Table 6 ).
In 13 studies reporting measurements of HDL-C in intervention participants, there was a pooled increase of 0.04 mmol/L (95% CI, À0.02 to 0.11 mmol/L; I 2 ¼0%). HDL cholesterol was reported in 12 controlled studies, and no significant differences were observed in between-group or subgroup analyses pooled estimates (Figure 2 , Table 6 ).
In 13 studies reporting TG measurements in intervention participants, there was a pooled decrease of À0.05 mmol/L (95% CI, À0.16 to 0.06 mmol/L; I 2 ¼0%). In 10 controlled studies reporting TG, intervention participants had a pooled change of À0.37 mmol/L (95% CI, À0.74 to 0.01 mmol/L; I 2 ¼0%) (Figure 2 (Table 6 ).
In 13 studies reporting DBP measurements, intervention participants had a pooled change of À3.6 mm Hg (95% CI, À5.03 to À2.17 mm Hg; I 2 ¼49%). In controlled studies (n¼11), intervention participants had a DBP reduction of 3.36 mm Hg more than control participants (95% CI, e4.93 to e1.78 mm Hg; I2¼ 29%) (Figure 3) . In subgroup analyses of controlled studies, male-only studies (e5.05 mmHg; 95% CI, e7.11 to e2.98), studies enrolling participants at high risk of CVD (e5.21 mmHg; 95% CI, e7.12 to e3.31), and studies with a duration of 6 months or less had significant observed reductions (e3.32 mmHg; 95% CI, e4.95 to e1.69) ( Table 6 ).
Aerobic Fitness
In 16 studies reporting measures of _ VO 2max , there was a pooled increase of 3.43 mL/min per kg (95% CI, 2.63-4.22 mL/min per kg; I 2 ¼0%) for intervention participants. In 11 controlled studies reporting _ VO 2max change, intervention participants had a _ VO 2max increase of 3.93 mL/min per kg more than control participants (95% CI, 2.96-4.91 mL/min per kg; I 2 ¼0%) (Figure 3) . In subgroup analyses of controlled studies, improvements were similar, and all analyses showed (Table 6 ).
Glucose Homeostasis Indicators
There were no statistically significant improvements in FBG, fasting insulin, or HbA 1c measurements observed within intervention participants or between intervention and control participants ( Figure 3 , Table 6 ). In 5 studies reporting baseline to postintervention measurements of HOMA-IR, there was a pooled change of À0.43 (95% CI, À0.72 to À0.14; I 2 ¼0%) in intervention participants. No significant effects were observed in controlled studies or subgroup analyses (Figure 3 , Table 6 ).
Sensitivity Analyses
In a sensitivity analysis of the 16 high-quality studies, effects were consistent (ie, in the same direction) and generally greater than estimates obtained when including all studies (Table 6,  Supplemental Table) . Compared with overall between-group pooled estimates, high-quality studies had greater effects for weight (À1.64 kg; 95% CI, À2.14 to À1. 13 
DISCUSSION
To our knowledge, this is the first metaanalysis to comprehensively evaluate the effects of recreational, community-based group sport participation on cardiometabolic risk factors in adults. We found that group sport participation, primarily recreational soccer, was associated with broad-reaching and clinically important improvements in body composition, lipid profiles, blood pressure, and aerobic fitness. Overall, intervention participants reduced weight by 1. (Table 6) .
Lifestyle interventions have been proven effective for primary and secondary prevention of NCDs such as type 2 diabetes and CVD. [47] [48] [49] [50] Interventions that utilize a combination of diet, PA, and behavior change approaches often have stronger effects than interventions utilizing individual lifestyle components. 48, 49, 51 However, our meta-analysis found that PA-centric programs delivered using group sports are an effective lifestyle intervention to improve cardiometabolic-related outcomes, and stronger effects may be seen if combined with dietary and behavioral interventions.
Body Composition
Our analyses revealed substantial reductions in body weight, BMI, waist circumference, and body fat percentage in intervention compared with control participants. Male-only studies had an averaged observed weight change of À3.68 kg (95% CI, À7.19 to À0.18 kg), which equated to a 4.6% body weight reduction from baseline. This reduction is close to the American Diabetes Association recommendations for prevention/delay of diabetes and CVD. 52 Previous reviews have found significant improvement in body composition in the absence of body weight loss following resistance training or high-intensity interval training (HIIT). 53, 54 The observed reductions in weight, waist circumference, and body fat percentage in this meta-analysis reveal that these interventions are an effective approach for reducing total weight and fat mass.
Lipids
We found substantial improvements for total cholesterol and LDL-C in intervention participants compared with control participants. Previous findings revealed that greater exercise intensity is often needed to improve lipid profiles, 55, 56 indicating that participants were engaged in high-intensity activity. 12 No considerable improvements were observed for HDL-C, which is known to respond variably to exercise and require a relatively large volume of PA to induce positive changes (over 1500 kcal energy expenditure per week). 57 Meta-analyses of exercise randomized controlled trials and lipid levels have reported similar changes in TG but differing results for HDL-C, LDL-C, and total cholesterol. 58, 59 Group sport interventions lead to more modest reductions in lipids compared with medications [60] [61] [62] [63] ; however, the observed reductions may be clinically meaningful, especially when considering the pleiotropic effect of PA on multiple cardiometabolic parameters and the low number of adverse effects. 64 
Blood Pressure
Our results reveal considerable improvements in SBP and DBP with group sport interventions. We found greater BP reductions in the high CVD risk population subgroup analysis, which is expected because hypertensive participants have greater potential for blood pressure reduction compared with normotensive participants. 54 Greater blood pressure reductions have been reported with group sport interventions compared with commonly used antihypertensive medications, 65 and the mean blood pressure reductions observed in this meta-analysis are notable. Previous modeling has shown that blood pressure reduction of this magnitude may reduce stroke risk by up to 20%.
50,66
Aerobic Fitness Cardiorespiratory fitness, along with body fat percent, are known predictors of CVD and all-cause mortality. 67 We found significant improvements in _ VO 2max in each of the analyses conducted, showing group sport interventions are effective for increasing fitness in a variety of populations and are superior or comparable to traditional aerobic training. 11, 12 Other reviews have found recreational soccer was effective in improving _ VO 2max across populations of differing age, sex, and health status compared with strength training and no exercise. [15] [16] [17] Furthermore, recreational soccer produced greater improvements in _ VO 2max compared with endurance running and strength training. 15, 17 Glucose Homeostasis Although all glucose homeostasis variables trended toward improvement in our study, there were no significant reductions in FBG, fasting insulin, HbA 1c , or HOMA-IR for the intervention participants compared with controls. However, there was a significant improvement in HOMA-IR among intervention participants from baseline to end of intervention. These findings may be due to the small sample sizes and limited statistical power of several of the trials included in this review. There is strong evidence that PA participation fosters improvement in insulin sensitivity and noneinsulin-mediated glucose transport. 64 Metaanalyses focusing on mixed exercise regimens have found varied results, 49, 53, 59, 68 and changes in glucose homeostasis markers may vary depending on the population; however, there is biological plausibility that recreational group sports, similar to HIIT, positively impacts glucose homeostasis markers. 33, 69 Group Sport Interventions Group sport interventions constitute a unique way to engage participants and overcome barriers. Among intervention participants, the average attrition rate was lower than in traditional exercise interventions. 70 Furthermore, PA interventions compare favorably in terms of compliance and effectiveness for hard outcomes (mortality) vs drug interventions and have fewer adverse effects. 59, 61, 64, 70 The variety of training categories and movement patterns inherent to group sport participation (high-intensity runs, muscle loading, intense actions such as dribbles, shots, jumps, and various aerobic-intensity activities) result in broad-ranging physiologic effects such as reductions of insulin resistance, chronic inflammation, and arterial stiffness. 12, 33 Although heart rate often exceeds 80% of ageestimated maximum during recreational soccer participation irrespective of age, fitness status, and previous training, participants report lower rates of perceived exertion compared with jogging, interval running, and strength training participants, 11, 12 which may foster engagement in more vigorous and continued PA participation. 71 Evidence indicates that HIIT modalities such as recreational soccer and other group sports are not only highly efficacious but also safe, with low rates and risk of injury and engaging interventions for cardiometabolic risk reduction, even in populations at high risk for CVD such as participants diagnosed with hypertension or type 2 diabetes. 69, 72, 73 Our findings indicated stronger pooled effects than recently published data on HIIT. 53 Although HIIT typically has a shorter duration compared with group sports (<30 minutes vs 1 hour), to our knowledge, there has been no direct comparison of group sport interventions and HIIT. In addition, group sport interventions also build social capital and are associated with positive motivational factors. 74 Group sport interventions have the potential for broad public health impact because 75% of adults report ever playing sports, although only 25% report current participation. 75 In addition, 5 of 10 of the most popular sports in the United States are group sports, including basketball, baseball/ softball, soccer, football, and volleyball, 75 and worldwide, over 500 million people participate in recreational soccer. 76 
Study Strengths and Limitations
We observed low heterogeneity across included studies, and 16 of 23 included studies ranked as high quality. We found no evidence of publication bias based on visual inspection of funnel plots as symmetrical (Supplemental Figure, available online at http://www.mayoclinicproceedings.org). Thus, we believe that the evidence in this meta-analysis is strong, although greater precision of effect estimates may be gained through addition of more studies and increased number of participants. Quality assessment indicated that studies incorporated a study design to minimize bias, and all but one study included a control group for comparison. Inclusion of studies that used baseline and postintervention assessment of participants also adds strength to the findings of this metaanalysis.
Our meta-analysis is subject to several limitations. First, we were not able to explore differences in cardiometabolic improvement by each group sport. Most of the included studies used soccer as the sport intervention and took place in Europe. There is a need for implementation of these interventions in more locations and investigating a broader range of group sports such as volleyball, basketball, rugby, and field or ice hockey, and future studies should investigate the comparisons of group sports to traditional exercise interventions (ie, running, cycling) and/or in combination with dietary and other behavioral interventions. Second, the various target populations included in the individual studies limited subgroup analyses to smaller sample sizes. Third, our findings are subject to inherent weaknesses of the individual included studies and possible publication bias, although visual inspection of funnel plots for each outcome did not indicate publication bias. Fourth, race/ethnicity of participants was rarely reported, so the generalizability to various racial/ethnic groups is unknown. Despite these limitations, this study also has strengths because it is the first meta-analysis to comprehensively examine the effects of group sport participation on CVD and metabolic risk factors and physical fitness components from multiple studies with low heterogeneity. Major increases in the proportion of the population achieving ideal levels of PA constitute a critical aspect of the new 2017 hypertension prevention guidelines and overall cardiometabolic risk reduction guidelines.
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CONCLUSION
The findings of this meta-analysis support the implementation of lifestyle interventions utilizing group sports as promising strategies for reducing cardiometabolic risk, with potential for broad public health impact. Group sport interventions are highly engaging, have low attrition rates, and broad-ranging beneficial effects on cardiometabolic and fitness parameters across populations of differing sex, in studies with durations of 6 months or less, and in those at high risk of development of CVD risk (ie, hypertension and type 2 diabetes). Group sport interventions can be applied to primordial, primary, and secondary prevention of CVD and the results of this study provide support for scaling-up sportsbased programs to help participants reduce physical inactivity, one of the most prevalent NCD risk factors globally.
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